Metallurgical processing factors like kinetic and thermodynamic parameters which are essential for modeling of γ′ phase precipitation have been studied. These parameters include γ′ solvus temperature, Gibbs free energy of dissociation of the γ matrix to form γ′, nucleation rate, effective diffusivity and interfacial energy. Nucleation methods and effect of cooling rate on the final phase structure have been analyzed. Co based superalloys have been studied as a potential and promising material for aerospace applications. Effect of microporosity on the mechanical properties of Superalloys has also been analyzed.
thermal cracking or macro segregation are usually processed via the ingot metallurgy. Processing temperatures for nickel based superalloys must be chosen above which all precipitates are dissolved. For instance, following powder synthesis and consolidation by blind-die compaction or hot isostatic pressing, γ′-strengthened PM superalloys are usually extruded at a subsolvus temperature to develop a fine, recrystallized billet microstructure consist largely of γ grains and primary γ′ precipitates. The mean diameter of each phase is usually of the order of 1 to 5 µm.
Alloys show a superplastic behavior with this microstructure under low strain rate processing conditions in the two phase field.
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Subsequent heat -treatment techniques are chosen relative to the solvus temperature and depend on the service application. Heat treatment for γ′ strengthened alloys consists of solution treatment below the γ′ solvus temperature, forced or free air cooling to room temperature and final aging.
The precipitates produced from such a heat treatment are denoted as primary, secondary and tertiary. The primary precipitates are obtained from prior subtransus processing during soaking at solution temperature, secondary form at higher temperatures during cooling followed by solution treatment while tertiary formed at lower temperatures during cool down and final aging.
Excellent creep strength and crack growth resistance is achieved by a solution treatment consisting of supersolvus exposure to grow the γ grain size. Secondary and tertiary precipitates are formed in this case on cooling [3] .
Generally, the precipitation hardening is due to an ordered precipitates of γ′ and γ" L12 structure, and dispersed within the disorder γ matrix in Fe-base superalloy. Precipitation hardening generates from an a/2 <110> {111} dislocation travels in g matrix and form an anti-phase boundary (APB) in the γ′ precipitates and therefore dislocation must move in pairs to remove the APB generated by the first dislocation. The anti-phase boundary energy is a γ APB is a barrier which dislocations must overcome to cut the precipitates. Higher value of γ APB represents an order strengthening. This order strengthening shows a remarkable contribution due to stacking fault energy as compared to orwan strengtheing and creates a difference in modulus [4] . The microstructure of γ and γ′ phases is responsible for mechanical properties and mechanism of γ′ precipitation is responsible for morphology, size, distribution and composition.
The dominant utilization of Ni-based superalloys generated a need to study binary and ternary γ+ γ′ systems like Ni-Al, Ni-Al-Co, Ni-Al-Mo and Ni-Al-Cr alloys [5] .
γ′ is a primitive cubic, L1 2 crystal structure. L1 2 crystal structure has Al atoms at the cube corner and Ni atoms at the face centre in the binary Ni-Al alloys as shown in Fig. 1 . Each Ni atom has 8
Ni and 4 Al atoms as nearest neighbor and each Al has 12 Ni atoms surrounding it. The chemical composition of this system is Ni 3 Al and the lattice parameter a is 0.3570 nm at room temperature which is equal to an Al-Al distance. Disorder γ phase is ~1.5 % smaller than γ′ lattice parameter.
A change in lattice parameter occurs if the substitutions of other alloying elements occur and it depends on the size of the substitutes. Fig.1 . Arrangement of Al and Ni in a) ordered γ′ phase with L1 2 structure and b) disorder γ phase [6] .
The γ/ γ′ interface remains coherent since the lattice parameter of the two phases is similar and the interfacial energy b/w the two is relatively low. Lattice misfit δ b/w the two phases is
where α γ′ and α γ are lattice parameters of γ′ and γ phases and it is common that the lattice misfit influences remarkably the properties of superalloys due to the coherency of the γ/ γ′ interface.
In Ni-based alloys γ′ precipitation has been generally categorized into homogeneous and 
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Ricks et al. [7] showed that with increasing annealing times the morphological evolution of γ′ precipitates changes sequentially as spheres, cubes, arrays of cubes and finally dendrite and is found to be an effect of lattice misfit. γ′ precipitates grow bigger before changing the morphology from spheres to cubes when the effect of misfit plays a vital role for alloys with low misfit. For instance in Ni-Al-Cr alloy substitution of Cr to Ni-Al alloy retards the lattice misfit. In alloys like
Ni-8Al-8Cr the misfit is nearly zero and thus γ′ precipitates remain spherical to large spherical morphology after high temperature annealing [7] .
Fig.3.
Illustration showing the evolution of γ′ precipitates during isothermal annealing [7] .
Fundamentals of precipitation modeling
Generally modeling procedures for precipitation rely on classical relations for the rate of homogeneous nucleation, static coarsening and diffusional growth.
Nucleation Rate
A general equation for the rate of nucleation of precipitates, J, is given by the following equation The nucleation rate J in the eq.1 represents the steady state nucleation rate J o by the term exp (-τ/t) which states the primary nucleation transient during which a metastable distribution of embryos with a sub-critical radii are formed. Incubation time constant τ is given by the relationship below [10, 11] : τ=π R T r* 3 /96VMDσ (3)
In which V M is the molar volume of the precipitate and R is the gas constant.
The above mentioned equations apply to nucleation in two component alloy system.
Diffusional Growth
The particles are assumed to be spherical having a radius r with their growth controlled by diffusion in most theoretical treatments for γ′ precipitates. The inter-diffusion is independent of composition and it is often assumed in fast acting simulations that the composition of the γ′ precipitate is constant and equal to the average amount determined by the phase extraction.
The tendency for coarsening of larger secondary γ′ precipitates is small due to retained supersaturation during continuous cooling at rates typical of production scale components.
During aging, coarsening can be quite substantial. For multi-component alloys there is a general assumption that coarsening is controlled by the diffusion of a single rate limiting solute [12] .
However, Voorhees and Kuehmann demonstrated that quickly diffusing solutes can also affect the coarsening rate and the associated diffusional processes for ternary alloys. Effective rate constant equal to the inverse of the sum of the inverse rate constants for the individual solutes as suggested by their work [13] .
Essentially the important parameters for modeling of precipitation belong to one of the three parameters 1-Thermodynamic data 2-Driving/retarding forces for nucleation
3-Kinetic factors/diffusivity
The thermodynamic data comprises of solvus approach curve, the composition of γ′ phase and the solute content in the matrix. The solute contents in the matrix depends largely on the volume fraction of composition and its precipitate [14] . In supersolvus solution treatments mainly secondary γ′ nuclei form during a short time span during which the matrix composition The misfit energy may also act as a retarding force through its effect in enhancing the overall system energy in much the same way that the interface energy do as precipitates are formed.
Usually its value is small relative to Gibbs free energy and can be neglected to a first order or implicitly added with energy values. The estimation of this energy is usually based on the temperature at which noticeable nucleation occurs [15] .
In nickel based superalloys diffusivities of various solutes play a very vital role in the precipitation process by their effect on particle growth as well as their rate of depletion of matrix supersaturation controlling behavior. Since Al and Ti partition in a sense opposite to that of Cr in the γ and γ′ phases and the off-diagonal terms in the diffusivity matrix are non-zero, the produced concentration gradient for one alloying element can noticeably retard the overall diffusive flux of another. For instance, Cr and Al in a nickel solid solution have a positive interaction such that Al may diffuse down a chromium concentration gradient. The rate of diffusion of a given element to or away from the particle may be mitigated as a γ′ precipitate grows, in a way by its ability to diffuse down the concentration gradient of a different alloying element. It is much more convenient to determine the effective diffusivity for the alloying elements whose behavior appears to be rate limiting and to which a simple diffusion analyses may be applied. Cr diffusion is rate limiting in γ-γ′ superalloys for PM superalloys [16] [17] [18] .
Influence of cooling rate on the γ′ Morphology and Size distribution
Monomodal size distribution of refined γ′ precipitates are formed as a result of faster cooling rates from γ′ supersolvus temperatures. Otherway round slower cooling rates lead to the formation of γ′ precipitates with a bimodal size distribution or in some cases even a multi modal size distribution. Bimodal distribution provides optimal mechanical properties for a turbine disk.
Multiple distinct nucleation bursts at different undercooling below the γ′ solvus are responsible for development of multiple size ranges of γ′ precipitates during slow cooling or continuous cooling. These multiple nucleation bursts are a pure consequence of increasing thermodynamic force and chemical free energy difference which is due to reduction in the driving force due to previous nucleation events, increasing undercooling and the rapid declining diffusivity of alloying elements with decreasing temperature. Minimum driving force for nucleation together with elevated diffusivities lead to the initial burst of γ′ nucleation at lower undercooling making the first generation of precipitates with minimum nucleation density and are designated as primary γ′ precipitates. At low temperatures or higher undercooling minimum diffusivity of atoms lead to supersaturation of γ′ and linked with a greater thermodynamic force generates more bursts of nucleation consequently forming secondary and in some cases tertiary precipitates with a very high nucleation density. Many authors are of a view that a trade off b/w diffusion and undercooling rule the formation of the secondary precipitates and lower temperature leads to the formation of smaller particle size and higher number of particle density [19] [20] [21] [22] .
Single crystal Ni based superalloys has adroit mechanical stability at elevated temperatures due to The microsegregation of Ta into the interdendritic region is more common in Co based alloys as compared to the studied Ni based superalloys. This procedure may enhance the stability because it considers the convective instabilities during casting that are due to the density differences because of heavy elements segregating into the dendritic cores. Local enrichments in both the categories of superalloys can be similar. Secondary phase precipitation and heterogeneities are consequences of microsegregation during casting. These phases form in the interdendritic regions and this step occurs during the end of solidification. Fig.6 shows the formation of intermetallic phases in the interdendritic areas [23] . Mechanical properties are greatly deteriorated by the porosity formation in castings. A good design of a feeding system may minimize the porosity defects. Redesigning of a feeding system is done according to the magnitude and location of porosity. A repetition may reduce porosity in the critical areas of castings. A shrinkage porosity which is due to the gas evolution and pressure drop during interdendritic fluid flow can be predicted by many models. Mushy zone region is a main area of study of microporosity formation. In liquid state pressure drop causes a shrinkage microporosity. Many alloys possess a higher density values in solid state as compared to liquid state. During a phase change from liquid to solid metal contraction takes place and solidification shrinkage occurs. Due to contraction pressure within the liquid drops and for a period cannot be compensated by a metallostatic pressure linked with the height of the liquid metal [24] [25] .
Simulation techniques, parametric or/and direct methods are usually apply to shape castings [26] [27] [28] [29] [30] .
CONCLUSIONS
The review studies focus on an insight of precipitation mechanisms of gamma prime phase and the factors which govern the phenomenon. Classical and non classical nucleation mechanisms and solid state transformations such as heterogeneous and homogeneous transformations have been studied. Scientific methods used to simulate nucleation, growth and coarsening of gamma prime have been formulated. Microsegregation for Co based and Ni based alloys have been discussed in the dendritic core and in interdendritic region. Shrinkage porosity has been discussed during solidification of superalloy castings.
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